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Dobson instruments
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Project ATMOZ

Main objective:
Atraceable and harmonizedlobal total columnozonenetwork within 1%

5 WorkpackagegWP):

A WP 1:Radiometric characterizatioof Dobson, Brewer & Arragpectrordiometers
A WP 2:Developmenbf arraybased solatJV spectroradiometers

A WP 3:

U Improvedand consistenbzone absorption crossections

U Validation jopxtraterrestrial solar reference spectra

Comprehensive uncertainty budgdncyrporatinginstrumental and atmospheric
ertainties

A WP 4:Creating Impact /Dissemination (Publications, Workshops, Campaigns, Trainir
Commercialization)

A WP5: Management (PMOD/WRC)
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Comprehensive Uncertainty Budget

Radiometry AtmosphericModel

Total Column
RetrievalMethod

Uncertaintyof measurement <= Uncertaintyof model:

Directsunmeasurement I BeerLambert Lawl
A | 4 Wavelengths I _ I(} —T,m
(Dobson/Brewer) r 1‘3

A Fullspectrum
Array spectroradiometer

pmod ) wrc



Comprehensive Uncertainty Budget

Radiometry AtmosphericModel

Total Column
RetrievalMethod

Uncertaintyof measurement <=  Uncertaintyof model:

noiseof the measurement A selectedwavelengths
wavelengthuncertainty (Brewer/Dobsons)
uncertaintyof calibration selectedcrosssection
bandpassincertainty selectedatmospheric
temperaturegradients temperature

deadtime effect/linearity extraterrestrialspectrum
NDfilter airmassuncertainty
(atmosphericprofile)
rayleighairmassuncertainty

AOD /SQ pmod ' wrc
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Sensitivity on Parameters

SensitivityAnalysis:

A Investigatesinglecontributionsto overall uncertainty budget

A Findthe mostimportant parameteraffectingthe overallbudget
A Potentialfor improvementof measuremen@and or retrieval

A Calculatethe overall uncertainty budget

A software tool is neededfor simulationthe effect on different parameters

Uncertaintyof measurement+ Uncertaintyof model: — Uncertaintyof O, value
A noiseof the measurement selectedwavelengths

A wavelengthuncertainty (Brewer/Dobsons) Dependenciebetween

A uncertaintyof calibration selectedcrosssection P -

A Bandpassincertainty selectedatmospheric LU IR E . M2
A temperaturegradients temperature and .

A deadtime effect/linearity extraterrestrialspectrum | modeluncertainties

A NDfilter airmassuncertainty

(atmosphericprofile)
rayleighairmassuncertainty

AOD /SQ pmod ' wrc
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Procedure of Simulation

1. Generatingspectrum(PMODmodel) between300¢ 360nm with known parameters
and49 atmospericconditions7 ozonex 7airmass 0 OA

Generation of Spectrum
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Procedure of Simulation

1. Generatingspectrum(PMODmodel) between300¢ 360nm with known parameters
and49 atmospericconditions7 ozonex 7airmass 0 OA

Irradiance [mW/m2/nm]
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Generation of Spectrum

Generated Spectrum
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Procedure of Simulation

2. Defineretrievalmethod : Doubleratio technique(Dobsonsand Brewerg

‘0O "OA BeerLambert Law
i i ta | &t a

G ,a ,anda  aredifferentairmassesiueto different respectiveheightsof the
ozone air and particle moleculeswithin the different atmosphericprofiles.

"‘O= Extraterrestrial Spectrumi =wavelengthindex

| (slit)
| -Brewer om) 310.1 313.5 316.8 320
| -Dobson im) 305.51 317.62 325.08 339.97

02f - J
i T
300 310 320



Dobson Slits D064

Dobsons D064 (DWRanhd D083 (NOAAgharacterizedor wavelengthand
bandpass at PTB Braunschweith tuneablelaserfacilities(SauliudNevasg

7— —’24 ~— R -~ -
: Dobson: Peak 325 nm f \\
: D 064 A-S3: Peak 325.08 nm \
: D 083 A-S3: Peak 325.1 nm

: D 083 A-S3 (1993): Pesk 325.12 nm
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bandpass at PTB Braunschweith tuneablelaserfacilities(SauliusNevag

Dobson Slits D064

Dobsons D064 (DWRanhd D083 (NOAAgharacterizedor wavelengthand

il

: Dobson: Peak 325 nm
: D 064 A-S3: Peak 325.08 nm

: D 083 A-S3: Peak 325.1 nm

: D 083 A-S3(1993): Peak 325.12 nm

rvf'**\t\
\

D064 (DWD) 2015

D083 (NOAA) 2015

D083 (NOAA) 1993

Slit
A-S2 (305.5)
GS2 (311.5)
D-S2 (317.5)
A-S3 (325.0)
GS3 (332.4)
D-S3 (339.9)

Peak im)
305.51
311.50
317.62
325.08
332.44
339.97

FWHM @m)
1.03
1.08
1.27
3.56
3.81
4.06

Peak tim)
305.46
311.47
317.58
325.10
332.47
334.00

FWHM am)
1.05
1.09
1.24
3.56
3.81
4.12

Peak tim)
305.52(.487?)
311.46
317.51(.527?)
325.02(.127?)
332.40
339.90(.867?)

FWHM (nm)

0.99
1.04
1.17
3.46
3.73
4.01

DMOG




Procedure of Simulation

«Doubleratio» /«weightedratio» technique(Dobsonsand Brewers):
combiningall four wavelengths
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Procedure of Simulation

«Doubleratio» /«weightedratio» technique(Dobsonsand Brewers):
combiningall four wavelengths

O O 3t a 3 wa at «a
where
3t Bwt ; 3 B w|
w O¢ i ¢ &(iph ph ph p) and ® (61 Q0 XI (i ph ™h c&h p&), withB &0 1t
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Procedure oSimulation

3. Randonwvariation of uncertainparameters

A A A

nO nO 3\.1_ d I .
A + NG § 6 , — Uncertaintyof O, value

1 o

Uncertaintyof measurement+ Uncertaintyof model: — Uncertaintyof O, value
A noiseof the measurement A selectedwavelengths
A wavelengthuncertainty (Brewer/Dobsons)
A uncertaintyof calibration A selectedcrosssection
A bandpassuncertainty A selectedatmospheric
A temperaturegradients temperature
A deadtime effect/linearity A extraterrestrialspectrum
A NDfilter A airmassuncertainty
(atmosphericprofile)
A rayleighairmassuncertainty
A AOD/SQ pmod ' wrc



Procedure oSimulation

3. Randonwvariation of uncertainparameters

A A A

nO nO 3\. d I .
A + NG § 6 Eal — Uncertaintyof O, value

1 o

4. Making 100runswith randomvariation, for all 49atmosphericconditions

5. Comparison(ratio) betweeninput ozone(no variation) andretrieved ozone

Uncertainty= standarddeviationof all ratios

pmod 'wrc



First Result: No Variation

Dobson: Uncertainty of the retrieval Brewer: Uncertainty of the retrieval

T T T
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Ozone [DU] Ozone [DU]

Dobson:0.14%-0.3 % gystematig Brewer:0.02%- 0.1% $ystematiq

Simulationworks.
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Air Mass

First Result: Array SRM

FWHMof generatedspectrum 0.5nm (not 0.01nm)samplingresolutiort 0.2nm

Dobson: Uncertainty of the retrieval Brewer: Uncertainty of the retrieval

0.943
1.0068

1.0068 0.942

- 11.0084 L -0.941

- -1.0062
- 40.94

Air Mass

- 41.006
- 40.9329

= 41.0058

0.938
1.0056
0.937
15F 1.0054
‘ 065 1.0052 0.936
L 1
300 250 300 350 400 450 500 200 250 300 350 400 450 500

Ozone [DU] Czone [DU]

Dobson:0.5%-0.7 % $ystematig Brewer:-6.4%- 5.6% ¢ystematiq

Retrievaldoesnot work for spectraof arrayspectroradiometer.
Systematidiascanbe eliminatedby Langleycalibration
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Variation of wavelength shift

Variationof wavelengthshift of input spectrum +0.025/ (£0.0035)nm

Dobson: Wavelenght shift 0.025nm «10° Brewer: Wavelenght shift 0.0035nm
T T T T

\ 35
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Ozone [DU] Ozone [DU]

Dobson:0.05%- 0.35% Brewer:0.05%- 0.5%
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Variation of wavelength shift

Variationof wavelengthshift of input spectrum +0.025/ (£0.0035)nm

35

15¢ Ogg

350
QOzone [DU]

Dobson:0.05%- 0.35%

400 450

Dobson: Wavelenght shift 0.025nm xio0®
T T T

Brewer: Wavelength shift 0.025 nm
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Result: Stratospheric Temperature

Variationof stratosphericemperature(retrieval): 213Kg 243K:«BassPaur»

Dobson:1.2%- 1.4% Brewer:0.7%- 0.9%
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